Studies were designed to compare the segmental analysis of sodium reabsorption along the nephron during volume expansion with either 10% body weight Ringer's or 0.6% body weight hyperoncotic albumin. Total kidney and nephron glomerular filtration rate increased similarly with both, but urinary sodium excretion (12.7 vs. 4.0 µeq/min, P < 0.001) and fractional sodium excretion (5.0 vs. 1.6%, P < 0.001) increased to a greater extent with Ringer's. Fractional reabsorption of sodium in the proximal tubule was diminished in both groups but to a significantly greater extent during Ringer's (P < 0.005). Absolute reabsorption was inhibited only in the Ringer's group. Delivery of filtrate out of the proximal tubule was greater in the Ringer's studies, 45 vs. 37 nl/min (P < 0.001). However, both fractional and absolute sodium delivery to the early and late distal tubule were not significantly different in the two groups. Fractional reabsorption in the collecting duct decreased from 96% in hydropenia to 31% during Ringer's but fell only slightly to 80% in the albumin studies. Absolute collecting duct reabsorption was also greater in the albumin studies, 0.55 vs. 0.21 neq/min (P < 0.001), which could totally account for the difference in urinary sodium excretion between the two groups. 22 Na recovery in the final urine after end distal microinjections was 71% during Ringer's infusion and 34% during […] 
A B S T R A C T Studies were designed to compare the segmental analysis of sodium reabsorption along the nephron during volume expansion with either 10% body weight Ringer's or 0.6% body weight hyperoncotic albumin. Total kidney and nephron glomerular filtration rate increased similarly with both, but urinary sodium excretion (12.7 vs. 4.0 Aeq/min, P <0.001) and fractional sodium excretion (5.0 vs. 1.6%, P < 0.001) increased to a greater extent with Ringer's. Fractional reabsorption of sodium in the proximal tubule was diminished in both groups but to a significantly greater extent during Ringer's (P < 0.005). Absolute reabsorption was inhibited only in the Ringer's group. Delivery of filtrate out of the proximal tubule was greater in the Ringer's studies, 45 vs. 37 nl/min (P < 0.001).
However, both fractional and absolute sodium delivery to the early and late distal tubule were not significantly different in the two groups. Fractional reabsorption in the collecting duct decreased from 96% in hydropenia to 31% during Ringer's but fell only slightly to 80% in the albumin studies. Absolute collecting duct reabsorption was also greater in the albumin studies, 0.55 vs. 0.21 neq/min (P < 0.001), which could totally account for the difference in urinary sodium excretion between the two groups. 22Na recovery in the final urine after end distal microinjections was 71% during Ringer's infusion and 34% during albumin (P < 0.001). From these data we conclude that: (a) Ringer's solution has a greater inhibitory effect on proximal tubular sodium reabsorption, and (b) in spite of this effect, differences in mucosal to serosal collecting duct sodium transport are primarily responsible for the greater natriuresis during Ringer's infusion.
INTRODUCTION
The nephron site responsible for the natriuresis which occurs during expansion of extracellular fluid volume with isotonic saline is not clear. Saline loading depresses proximal tubular sodium reabsorption and increases delivery of filtrate to more distal nephron sites (1, 2) . Therefore, increased delivery of filtrate out of the proximal tubule might be primarily responsible for the natriuresis. However, several experimental models have demonstrated inhibition of proximal sodium reabsorption with only a minimal change in urinary sodium excretion (3) (4) (5) . In addition, it has been found in dogs with sodium retention that proximal tubular sodium reabsorption is not different from that in normal animals either during hydropenia or saline loading despite marked differences in urinary sodium excretion (6) (7) (8) . This data would suggest that delivery out of the proximal tubule may not be the major determinant of urinary sodium excretion.
To further evaluate this problem, a comparison was made of the segmental analysis of sodium reabsorption between rats given Ringer's solution and hyperoncotic albumin, a model known to lead to inhibition of proximal sodium reabsorption but with little change in urinary sodium excretion (3) . The results suggest that the difference in sodium excretion in these two models is primarily due to alterations in sodium transport in the collecting duct.
METHODS
Studies were performed on male Sprague-Dawley rats weighing 290-380 g, which were allowed free access to water and a standard rat pellet diet. They were anesthetized with Inactin (100 mg/kg; Promonta, Hamburg, West Germany). Polyethylene catheters were inserted in both jugular veins for infusion and administration of lissamine The Journal of Clinical Investigation Volume 52 September 1973 '2313-2323 2313 (3) (2) * Number of observations. green and in the femoral artery for withdrawal of bloocl and blood pressure monitoring. A tracheostoimiy was performed. A small left subcostal incision was made and the left kidney was gently separated from the adrenal gland and contiguous perirenal fat. In the majority of the studies, the left ureter was catheterized with PE 50 tubing near the renal pelvis while urine from the right kidney was collected via a bladder catheter. There w-as no significant difference in glomerular filtration rate (GFR),' urine flow, or sodium excretion betw-een the tw-o sides. In a few studies, urine was obtained only from a PE 50 bladdler catlheter.
This was done because of the observation of Cortell and associates that ureteral catheterization, at least w\ith PE 10 tubing, may increase intratubular pressure (9) . However, as noted, there was no difference in the clearance data from the two kidneys when only the left ureter was catheterized. Additionally, the experimental data obtained were indistinguishable whether the left ureter w%as catheterized or not. Therefore, as also pointed out by the data of Cortell, Davidman, Gennari, and Schwartz (9), PE 50 tubing does not significantly alter outflow resistance.
The animal was placed on a thermoregulated heating board and the kidney was placed in a plexiglass holder. The surface was illuminated with a fiberoptic light source and the kidney was bathed with mineral oil at 37°C. If the rat had a proximal tubular transit time greater than 13 s or undue retention of the dye in the distal tubule, the rat was not used.
The animal was initially given 0.5 ml of a 10% inulini solution dissolved in Ringer's, and then a maintenance inlfusion at a rate of 0.02 ml/min. \Vhile the inulini was equilibrating, late proximal and various distal tubular seg-ments were localized with two to three injections of lissamine green (0.05 ml of a 10% solution). No puncture wvas obtained until at least 30 min after the last lissamine green injection. 1 h after the inulin infusion had been started, initial samples were collected.
The tubules were punctured with sharpened pipettes with tip diameters varying from 8 to 11 ,um for proximal tubular 1 Abbreviationts used in this paper: GFR, glomerular filtration rate; (TF/P)I,, Na, K, tubular fluid to plasma inulin, sodium, and potassium ratios, respectively; VF, tubular flow rate; V,, nephron filtration rate. Suibscripts: ED, early distal tubule; LD, late distal tubule; Prox, proximal tubule. collections and 5 to 7 /,um for distal tubular samiples. After p)uncture, a large column of miineral oil stained with Su(dall black was injecte(d into the tubule. After initial gentle aspiration to begini the collectioni, most of the samples were collected eitlher spontaneouisly or with only occasional aspiration to maintain the oil column in a conistant positioni. All tubular fluid collections were timed.
The followinig studies were performed.
Conztrol stuidies. To determine the reproducibility of the various parameters of segmental analysis, collection and recollection were obtained from proximal and distal tubules. In eight rats, proximal and distal recollection pairs were obtained during either hydropenia, Ringer's infusion, or byperoncotic albumin administration given in the manner described below. In all cases, the recollection sample was obtained within 2 min of completion of the first puncture. Ringer's infusions. 16 studies were performed in which collections were obtained before and during the infusion of Ringer's solution. In the first group of eight studies (group A), collections were initially obtained f rom end proximal and late distal tubular sites of collection during hydropenia. In these distal samples, only a segment which appeared in the last 25% of the transit of lissamine green through the distal convolution was utilized. Using this techniqute, the mean tubular fluid to plasma potassium ratio [(TF/P) 12 durinig hydropenia was 2.42, a value comparable with results previously found in late distal samples (10) . In addition, in each of seven microdissections, the site of puncture was found to be in the last 25% of the distal tubule. After the completion of the control collections, 10%o body weight Ringer's infusion was given over a period of approximately 50 min. At the completion of the infusion, recollection samples were obtained from the previously punctured tubules while urinary losses were replaced with an equivalent amount of Ringer's solution.
In a second group of eight experiments (group B), only end-proximal tubular samples wvere collected during hydropenia. Then Ringer's was given in the same manner as in the group A studies. At the conclusion of the infusion, samples were collected from early and late distal tubular sites as well as from the previously punctured proximal tubules. The early and late distal tubules had been localized with lissamine green prior to the control period. To demonstrate that early and late segments could be differentiated by this method, four experiments were performed in which early and late tubular fluid to plasma inulin ratio [(TF/P)in] and TF/PK were determined from these sites during hydropenia. As is showNn in Table I , there was a marked increase in both of these parameters in each of these foour studies from early to late segments, a finding that is in agreement with previous results utilizing tubular dissection techniques to determine localization (10) .
Hv peroncotic albumioin stu(dies. 15 of these studies were performed. In the first group of eight experiments (group A), late proximal and late distal tubules were marked and samples were collected as described in the group A Ringer's studies. These distal samples had a mean TF/PK ratio ot 2.31 during hydropenia. At the completion of the first period, 25% albumin (Hylarn 1 Div., Travenol Laboratories, Cosa Mesa, Calif.), 0.6% body weight, was given over 35 mili. At the completion of the infusion, an equilibration period of approximately 15 min elapsed before obtaining repeat collections. During the equilibration and collection period, urinary losses were replaced.
In a second group of seven studies (group B), only end-proximal samples were collected in the control period. Then hyperoncotic albumin was given in the same manner as in the group A studies. After the equilibration period, samples were collected from early and late distal segments as well as the previously punctured proximal segments.
In each of these studies, blood was obtained at the beginning and end of a given period for inulin determination. Blood samples were also obtained in each experimental period for hematocrit determination and in some studies for serum protein analysis. The clearance data presented is the mean of two or more 10-12 min collections. In the studies in which only the bladder was utilized for urine collection, the clearance data obtained was divided by 2.
Microinijection stuidies. To further define collecting duct transport during Ringer's and hyperoncotic albumin infusion, end distal microinjection studies were performed. A carrierfree solution of 'Na (150 uCi/;g; Radiochemical Centre, Amersham, England) was mixed with [3H]inulin in (100 ACi/mg; New England Nuclear Corp., Boston, Mass.) dissolved in H20 and a small amount of F.D. & C. Green dye number 311 (Keystone Aniline & Chemical Co., Chicago, Ill.) was added to color the solution. The sodium concentration of this solution was less than 3 meq/liter. This essentially carrier-free solution was utilized because of the work of Cortney which suggested that the injection of a significant quantity of carrier Na may alter collecting duct sodium transport (11) . He found that end distal microinjection of 'Na in isotonic saline had a very high urinary recovery when compared with a carrier-free microinjection. In addition, only the carrier-free injections correlated with end-distal and urinary sodium to inulin ratios (11) .
Since it seemed preferable to inject a true tracer amount of Na, a carrier-free solution was utilized in all studies. A number of droplets of constant volume (2 nl) were obtained from a stock solution of the injectate mixture and placed under oil on the bottom of a small glass dish. The droplets were then either drawn into micropipettes for injection or directly evacuated into a scintillation vial for calibration of the amount of radioactivity given. The coefficient of variation of 12 replicate samples was 2%. 15 injections were performed in nine Ringer's studies, while 12 injections were obtained in 10 albumin experiments performed in the same manner as described above. The 2 nl colored solution was slowly injected into a late distal segment over approximately 30 s with care taken to avoid retrograde flow of the injectate. Left ureteral urine was collected directly into a scintillation vial containing 10 ml of Aquasol (New England Nuclear Corp., Boston, Mass.). In the initial studies 8-10 consecutive vials were collected over a 5-10 min period to determine whether delayed recovery of 'Na was present. In five Ringer's and five albumin injections, no evidence of a delayed appearance of 'Na was noted, confirming the results of Gottschalk, Morel, and Mylle (12), who found no delayed recovery of sodium during either a mannitol or saline diuresis. In the remaining injections, two 5 min collections were obtained to determine nuclide recovery. No radioactivity was noted from the contralateral kidney when [3H] inulin recovery was 90%o or greater. 'Na and ['H]inulin were counted in a Packard Tri-Carb Liquid Scintillation spectrophotometer (Packard Instrument Co., Downers Grove, Ill.). Appropriate correction was made for the crossover of 'Na into the 'H channel.
Quench correction was performed with internal standardization. Only injections with a [3H] inulin recovery of greater than 90% were utilized. Percent recovery of each nuclide was calculated with the formula: total nuclide in urine/total nuclide injected.
Plasma and urine inulin concentrations were determined by the anthrone method (13) while the concentration of inulin in tubular fluid was measured by the method of Vurek and Pegram (14) . Tubular fluid volume was measured in a constant bore capillary of known internal diameter. Sodium and potassium concentration in distal tubular fluid was measured with an Aminco Helium Glow flame photometer (American Instrument Co., Inc., Silver Spring, Md.) and in urine and plasma with an Instrumentation Laboratory Flame Photometer (Instrumentation Laboratory, Inc., Watertown, Mass.). Serum protein concentration was determined by the Lowry method (15) .
The data was analyzed by standard statistical methods and all results are presented as the mean +SEM.
Calculations. (1) Nephron filtration rate (V.) = (TF/ P) 1 X (VP) where (TF/P)ri is the tubular fluid to plasma inulin ratio and VP equals the tubular flow rate in nanoliters per minute.
(2) Absolute reabsorption of filtrate in proximal tubule (Prox) in nanoliters per minute = V. -VP.
( (P/TF)InproX (7) Fractional reabsorption of sodium in collecting duct = I -FENa X 100
(TF/P) Na/InLD Nx-here FE. is the fractional sodium excretion. Absolute reabsorption in each nephron segment was calculated from the fractional reabsorption data and the nephron GFR. In 16 studies during hydropenia, 16 Ringer's and 15 albumin studies, the ratio of proximal to distal nephron GFR was 1.05, 1.02, and 1.04, respectively, all values not different from 1. Although values obtained from proximal samples were used to calculate absolute reabsorption in various nephron segments, similar data was obtained utilizing either distal values or the mean of both nephron GFR's. ond collection was 1.02±0.02 and 1.00±0.03. As can be noted from Fig. 1 , there was some variation in the tubular flow rate in the recollection pairs, but the mean cofficient of variation of the flow rate out of the proximal tubule in the 18 recollection pairs was 9%. 15 recollection pairs were obtained from the distal tubule during expansion. The mean ratio of both the distal (TFP)i3 first collection/(TF/P)in second collection and the (TF/P)N. ratio in the recollection pairs was 0.97+0.03, while the nephron GFR ratio was 1.04± 0.05. As is shown in Fig. 2 , there was little scatter in the (TF/P)Na/In ratio in the 15 recollection pairs with a coefficient of variation of 8%.
RESULTS

Coniltrol
Ringer's studies. The results of these studies are summarized in Table II . In these experiments, there was a mean decrease in arterial hematocrit from 47 to 39 ml/ 100 ml while plasma protein concentration decreased from 6.7 to 5.1 g/100 ml during expansion. Total kidney GFR increased from 1.20 to 1.72 ml/min, an increase of 43%, while superficial nephron GFR increased 55% from 43 to 67 nl/min. Although nephron GFR increased to a greater extent than kidney GFR in 11 of the 16 studies, the changes in nephron and kidney GFR were not significantly different for the entire group. Urinary sodium excretion increased from 0.13 to 12.7 Aeq/min while fractional sodium excretion increased from 0.07 to 5.0%. There was a marked fall in the (TF/P)in ratio in the proximal tubule from 2.57 to 1.49 (P < 0.001), a fall in absolute reabsorption of filtrate from 25.9 to 21.8 nl/min (P < 0.025), and a rise in delivery of filtrate out of the proximal tubule of 28 nl/min (P <0.001). As can be noted from the group A studies, in comparison with hydropenia there was a consistent decrease in the distal (TF/P)in ratio in association with a rise in the (TF/P)N-a and (TF/P)-,a/in values during volume expansion with Ringer's. In these studies, the fraction of sodium remaining at the end of the distal tubule increased from 1.7 to 7.2% (P < 0.001). In addition, in the group B studies 15.8 and 7.3% of the filtered sodium remained at the early and late distal segment respectively.
Albumin studies. The results of these studies are summarized in Table III . Arterial hematocrit decreased from 47 to 37 ml/100 ml, a change not significantly different from that in the Ringer's studies. However, in contrast to the Ringer's studies, there was no significant change in the serum protein concentration during the experimental period. Total GFR increased from 1.22 to 1.74 ml/min, an increase of 43% while superficial nephron GFR rose from 43 to 63 nl/min, a 47% change. There was no significant difference in the increase in kidney and nephron GFR during albumin infusion. Sodium excretion and fractional sodium excretion rose to only 4.0 Aeq/min and 1.6%, respectively. The (TF/P)in ratio in the proximal tubule also fell in this group with a mean change from 2.60 to 1.72 (P < 0.001) while delivery of filtrate out of the proximal tubule rose from 17 to 37 nl/min (P < 0.001). There was no change in absolute reabsorption of filtrate in the proximal tubule in the albumin studies. In the group A studies, the amount of Na remaining at the end of the distal tubule increased Table III is listed the statistical analysis comparing the results of the Ringer's and the albumin studies. There was no difference in the results of any parameter in the control period in the two groups. In spite of comparable values for total kidney and nephron GFR in the two group, there was a markedly greater increase in absolute and fractional sodium excretion (P < 0.001 for both values) during Ringer's. The proximal TF/Pi. ratio fell to a significantly lower level in the Ringer's group (P <0.001) while absolute reabsorption decreased in this group but not during albumin infusion. Delivery of filtrate out of the proximal tubule was also greater in the Ringer's studies, 45.5 vs. 36.7 nl/min (P < 0.001). A similar difference was also noted when the data was calculated in terms of the change in delivery from hydropenia to expansion (P < 0.001). In spite of this greater increase in delivery out of the proximal tubule during Ringer's, there was no difference in the early or late distal (TF/P)i., (TF/P)Na, or (TF/P)Na/in ratio. These data indicate that the increased sodium delivery in the Ringer's group was counterbalanced by increased sodium reabsorption in Henle's loop leading to equal distal tubular delivery of sodium in the two groups. In Fig. 3 is summarized the fractional reabsorptive data for the two groups. Fractional reabsorption of sodium in the proximal tubule decreased from approximately 60% to 32 and 41% in the Ringer's and albumin studies, respectively. This greater fall during Ringer's wvas statistically significant at the P < 0.005 level. Fractional reabsorption in the loop of Henle and the distal tubule fell significantly in both groups to a similar extent during expansion. In contrast, fractional reabsorption in the collecting duct fell to a greater extent in the Ringer's group. During hydrogenia, fractional reabsorption was 96% and decreased to a mean of 31% for all experiments. In the albumin studies, fractional sodium reabsorption in the collecting duct fell to only 80% (P < 0.001 when compared with the Ringer's data).
In Fig. 4 is summarized the absolute reabsorptive data for all 16 Ringer's and 15 albumin studies. There was no significant difference in the amount of filtered sodium in the two groups. Absolute proximal tubular sodium reabsorption decreased from 3.63 to 3.06 neq/min during Ringer's (P < 0.025). In the albumin studies, absolute reabsorption was 3.74 neq/min during hydropenia and unchanged at 3.78 neq/min (luring expansion. This latter value was significantly greater than that found in the Ringer's studies (P < 0.05). Both absolute loop delivery and loop and distal tubular reabsorption rose in both groups wlhen compared with hydropenia (P < 0.001 for all values). Loop delivery was greater in the Ringer's studies, 6.37 vs. 5.22 neq/min (P < 0.001), but loop and distal tubular reabsorption was also increased in comparison to the albumin studies, 5.67 vs. 4.51 neq/ min (P < 0.001), leading to no difference in the absolute amount of the Na remaiiling at the end(l of the distal tubule. In the group B studies, this data was further divided into loop and distal tubular reabsorption. In this group, absolute loop reabsorption was significantly greater in the Ringer's studies, 4.8 vs. 3.8 neq/min per nephron (P < 0.025). Absolute distal reabsorption was slightly greater in the Ringer's group, but this was not statistically significant. Absolute collecting duct reabsorption increased in both groups, but the rise was greater in the albumin studies, 0.55 vs. 0.21 neq/min (P <0.001). Microinjection studies. The results of these studies are sumnmarized in Fig 
and ['H] inulin
[3H]inulin recovery in the Ringer's group ranged from 91 to 108%ZC recovery w-ith a mean of 98%f, while in the albumin injections the range was 92-102 with a mean recovery of 98%Yc. In contrast to the identical recovery of inulin in the two groups of studies, \2NTa recovery wsas markedlv different. In the 15 Ringer's injections, the recovery ranged from 60 to 88% with a mean of 71%. In the albumin studies recovery ranged from 15 to 48% with a mean of 34%. This value was significantly different from the results of the Ringer's microinjections at the P < 0.001 level.
DISCUSSION
In the present study, Riniger's solutioin caused a threefold greater increase in urinary sodium excretion lheil colimpared wvith equal intravascular volume expansion with hvperoncotic albumin infusion. This is quite similar to the findings of Howards, Davis. Knox, Wright, and Berliner in the dog (3) and Davidman, Alexander, Lalone, and Levinskv in the rat (16) . In the previous studies, both saline and albumin depressed proximal tubular sodium reabsorption to a comparable extent in spite of the marked differences in urinary sodium excretion. From this it was assumed that the more distal portions of the nephron handled the increased sodium delivery differently in these two models. In the present stu(lv, ve have also found that both infusions depress proximal tubular sodium reabsorption and increase delivery to Henle's loop. However, this effect was consistently greater in the Ringer's studies. In the study of Howards there was a suggestion that proximal tubular reabsorption was depressed to a greater extent during saline loading, but this was not statistically significant. However, Knox and associates, in a larger group of studies, have found a greater inhibition of proximal tubular sodium reabsorption during Ringer's infusion.2 2 In evaluating the present data, there was some variation in tubular flow rate when recollection was done in the same tubule of a given animal (Fig. 1 ). However, with a coefficient of variation of 9%, this would account for only a difference of 3.6 nl/min at a flow rate of 40 nl/min. This is considerably less than the mean difference in delivery out of the proximal tubule of 9 nl/min in the Ringer's and albumin studies. In addition, there may be variation from animal to animal. Although there was some overlap between the two groups, it can be noted from Tables II and III that delivery out of the proximal tubule was 40 nl/min or greater in 13 of 16 Ringer's studies and in only 4 of 15 experiments during albumin infusion. Similarly, there was little overlap in the (TF/P)i. data in the experimental periods of the two groups with the experimental (TF/P)in value being 1.60 or less in 14 Ringer's studies and in only 4 albumin studies. Therefore, even considering micropuncture methodology and animal variability, this data seems clear enough to conclude that Ringer's infusion causes a greater depression of proximal tubular reabsorption.
The difference in proximal reabsorption during Ringer's and albumin infusion is in agreement with previous data demonstrating the role of peritubular capillary oncotic pressure on proximal tubular sodium reabsorption.
Brenner and associates found in the rat that a decrease in peritubular capillary protein concentration depressed absolute Na reabsorption in the proximal tubule while the converse occurred when protein concentration was acutely increased (17) . Daugherty, Ueki, Nicholas, and Brenner also found that Ringer's infusion depressed absolute reabsorption in the proximal tubule while plasma loading, which had only a minor effect on peritubular protein concentration, did not alter absolute Na reabsorption (18) . Similarly, in the present study Ringer's infusion significantly decreased absolute reabsorption from 27 to 22 nl/min, while hyperoncotic albumin had no effect. These latter collections were obtained at a time when serum protein concentration had returned to the control level and presumably had only slightly altered peritubular protein concentration (19) . Therefore, the depressed absolute Na reabsorption during Ringer's infusion, presumably related to a fall in peritubular protein concentration, accounted for the major difference in delivery out of the proximal tubule when compared to expansion with hyperoncotic albumin.
In previous studies comparing expansion with Ringer's and albumin, distal tubular punctures were not obtained (3, 16) . In the present study we found that in spite of the greater increase in sodium delivery in the Ringer's group, there was no discernable difference in the mean fractional or absolute delivery of sodium to either the early or late distal tubule in the two groups of studies (Tables II and III) . As is shown in Fig. 4 The slopes of these lines were significantly different (P < 0.001).
solute reabsorption of sodium in Henle's loop and the distal tubule was significantly greater in the Ringer's studies. In the group B studies, this was shown to be primarily due to enhanced loop transport of sodium.
This data demonstrates that even at this markedly increased level of loop delivery, there was excellent glomerular tubular balance. The data in Fig. 6 lends further documentation to the accuracy of the end distal tubular collections. In this figure is plotted absolute sodium delivery per superficial nephron to the end of the distal tubule versus total urinary sodium excretion. There was a strong linear relationship between the amount of sodium remaining at the end of the distal tubule and urinary sodium excretion in both the Ringer's studies (r = 0.78, P < 0.001 ) and the albumin experiments (r = 0.76, P <0.001). In addition, there was a marked difference in the linear regression lines of the two groups of experiments (P <0.001). Therefore, at any given sodium delivery to the end of the distal tubule, urinary sodium excretion was greater in the Ringer's experiments.
There are at least two possible interpretations of this finding. First, since only distal tubules of superficial nephrons are sampled during micropuncture, while urinary sodium excretion is contributed by all nephrons, heterogeneity of nephron function could account for these findings. If nephron heterogeneity was responsible for the apparent difference in reabsorption in these two Segmental Analysis of Sodium Reabsorption during Ringer's and Albumin -~~~~~~~~~~~~~~~~~~~~~~2 groups of studies, it would have to be assumed that either deep nephron sodium reabsorption was markedly inhibited during Ringer's infusion or enhanced in the albumin studies. Although the latter point has not been studied, Jamison and Lacy have evaluated juxtamedullary nephron sodium reabsorption during saline loading (20) . They found little if any alteration in sodium reabsorption in juxtamedullary nephrons during saline loading, at least to the bend of Henle's loop, suggesting that the major contribution to the increase in urinary sodium excretion came from more superficial nephrons. Also, the findings in the present studv of a linear relationship between end distal sodium delivery and uirinary sodium excretion in both groups of experiments ( Fig. 6 ) are strong evidence that end distal superficial nephron data is a representative index of overall nephron function in these models. If this is indeed correct, then it can be interpreted that collecting ttubule and/or duct function are altered differently in these two models.
To further verify this point, end-distal tubule microinjections of 'Na and [3H]inulin w-ere performed (Fig.  5 ). Since the 'Na was injected at the end of the distal tubule of superficial nephrons, and recovery of the isotope was from final urine, this technique would serve as an index of sodium flux along the length of the collecting duct. The data clearly demonstrate that the recovery of Na in final urine was markedly greater in the Ringer's group. This wouild suggest that in this group reabsorption along the collcting duct was less than during albumin infusion. Alternatively, it might be proposed that a greater deep nephron and end distal sodiium dleliverv in the Ringer's group coupled with nonlinear transport characteristics in the collecting duct as a function of sodium load could give similar results. This interpretation seems unlikely because of the work of Jamison and Lacy mentioned previously (20) . In addition, as would be predicted from the data in Fig. 6 , fractional reabsorption of sodium in the collectinig dluct remained constant as delivery was increased in both groups, although the absolute value was set at a different level in the Ringer's and albumin studies (Table TI and III) . If collecting duct sodium transport was becoming progressively saturated as load increased, fractional reabsorption would be lower at the higher rates of delivery. Therefore, it seems more reasonable to interpret these results as further evidence that collecting duct sodium transport is indeed diminished during Ringer's infusion. Studies by Gottschalk, Morel, and Mylle (12) and data from the present experiments showed no delayed excretion of 'Na, indicating that the recovery of 2Na was independent of back diffusion of sodiium from the interstitial compartment and primarily was a function of the change in mucosal to serosal transport and/or (lifftision of sodium. That alteration in mulcosal to serosal flux is the primary determinant of collecting duct transport in these two models is further suggested by the linear relationship between end distal sodium delivery anid urinary sodium excretion in these two models (Fig.  6 ). If back diffusion of sodium wtas the major factor regulating net collecting duct so(litm reabsorption, it wvould seem unlikelv that this relationship would be present. Whether the 2Na recoverv can be taken as a (luantitative indlex of unidirectional sodium tranisport or should onlv be utilized to compare fluxes in different models is not certain. In any case, the data clearly demonstrate that mucosal to serosal sodium transport along the collecting duct is lowver in the Ringer's studies and presumably is the major factor accotuniting for the greater natriuresis in this mo(lel. Diezi and associates have recently demonstrated that papillary collecting d(uct sodium transport rises as (lelivery is increased tuntil very large rates of delivery are reached (21) . In both the Ringer's and albumin studies aibsolute collecting duct reabsorption rose wlhen complared with hvdropenic values, but the rise w-as much greater at anv (lelivery in the albumin experiments. The factors w-hiclh control collecting duct transport have not been clearly delineated, but there are at least twro possible explanations for the differences found in these two models. First, since aldosterone has been shown to affect collecting dtuct sodium tranisport (22) , it is possible that differences in aldosterone secretion in these two models could explain the present results. However, 1)oth Ringer's (23) and albumin depress aldosterone secretorv rate (24) . Also, we have found Ino difference in l)otassium transport along the distal tubule or from the end of the distal tubuile to the final urine during Ringer's and hvperoncotic albumilin infusion.3 In addition, when compared with the present Ringer's studies, there was no difference in either free flow or microinjection data obtained when intravenous aldosterone was continuously a(lministered during Ringer's infusion.3 Therefore, it seems quite unlikely tflat aldosterone could be responsible for the present findings.
Second, some humoral factor which alters collecting duct reabsorption may be released during volume expansion with Ringer's but not albumin. Since both Ringer's and albumin expand intravascular volume, while only Ringer's increases interstitial volume, such a huimoral factor may be released primarily in response to expansion of this latter compartment.
